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(57) ABSTRACT

There are provided a substantially cylindrical optical com-
ponent, a method for connecting the same, and an optical
module having the optical component, whereby adequate
gripping force can be exerted during positioning or {ixing,
and the position in the azimuthal angle about the cylinder
axis can be easily aligned. The optical component comprises
a substantially cylindrical eclongated member, an outer
peripheral portion of which includes a cylindrical portion
and a side plane portion that has a flat surface, the flat
surface being parallel to a central axis to the elongated
member. The optical module 1s composed of a planar light
circuit device connected to a rod lens or capillary. With the
method for connecting the optical component, the optical
component of the present invention 1s positioned using the
side plane portion as a reference, and 1s connected to another
optical component.

4 Claims, 9 Drawing Sheets
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OPTICAL COMPONENT, METHOD FOR
CONNECTING THE SAME, AND OPTICAL
MODULE HAVING THE OPTICAL
COMPONENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a divisional application of U.S. patent
application Ser. No. 11/198,303 filed on Aug. 8, 2005, now
abandoned. The entire disclosures of U.S. patent application
Ser. No. 11/198,303 1s hereby incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical component
having a substantially cylindrical external shape, to a
method for connecting the same, and to an optical module
having the optical component.

2. Description of the Related Art

A capillary for an optical fiber 1s disclosed 1n Japanese
Unexamined Patent Application Publication No. 11-160563
as an example of an optical component used for connecting
an optical fiber to another optical fiber or optical device 1n
the field of optical communications. An optical fiber 1s
positioned so that the optical fiber optically connects with
another optical fiber or optical device while the glass portion
thereot 1s being inserted in the capillary. The capillary 1s
generally cylindrical 1n shape, and 1s formed from ceramics
or glass. A capillary formed from glass can be manufactured
at low cost and with good precision of dimensions and
symmetry by extending cylindrical glass tube to a small
diameter. Such cylindrical optical component can be easily
positioned with respect to all degrees of freedom other than
the azimuthal angle about the cylinder axis, using the lateral
surface of the cylinder as a reference.

While a cylindrical optical component such as the one
described above 1s polished on the end face thereof or
positioned with respect to another optical component or
optical device, the lateral surface of the cylinder 1s gripped
by a gripping member. Since the optical component and the
gripping member come into contact with each other only at
a point or a line parallel to the cylinder axis on the lateral
surface of the cylinder, 1t 1s diflicult to obtain a gripping
force (frictional force) sutlicient to position or fix the optical
component. The optical component then comes out of posi-
tion while polishing 1ts end face, and polishing cannot be
performed correctly, and the component becomes mis-
aligned during connection to another optical component or
optical device due to shrinkage of the adhesive when cured.
When the force with which the optical component 1s gripped
1s 1ncreased 1n order to obtain adequate gripping force, the
optical component may be damaged 11 1t 1s composed of
glass or another fragile matenal.

With an optical component whose end face 1s polished at
an 1nclination angle with respect to the plane orthogonal to
the cylinder axis, or an optical component such as one in
which a plurality of optical fibers are 1nserted, 1ts azimuthal
angle about the cylinder axis must be aligned when the
component 1s to be connected to another optical component
or optical device. However, since the external peripheral
shape of a cylindrical optical component 1s rotationally
symmetrical with respect to the central axis of the cylinder,
it 1s 1mpossible to align the azimuthal angle about the
cylinder axis using the external periphery as a reference.
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2
SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a sub-
stantially cylindrical optical component to which adequate
gripping force can be exerted during positioning or fixing of
the optical component, and which can be aligned i1n the
azimuthal angle about the cylinder axis, a method for
connecting the optical component, and an optical module
having the optical component.

In order to achieve the above-mentioned objects, an
optical component comprises a substantially cylindrical
clongated member, an outer peripheral portion of which
includes a cylindrical portion and a side plane portion that
has a flat surface, the flat surface being parallel to a central
axis to the elongated member.

The elongated member may be composed of a rod lens. In
this case, the rod lens may have an end face portion having
a flat surface tilted with respect to the central axis of the
clongated member. The optical component may also have an
optical fiber fixed at one end to the other end of the rod lens.
The elongated member may also be composed of a lens and
a lens holder.

Alternatively, the elongated member may be composed of
an optical fiber capillary having one or more holes for
isertion of an optical fiber parallel to the central axis of the
clongated member. In this case, the capillary may have a
plurality of holes. The capillary may have an end face
portion having a flat surface tilted with respect to the central
axis of the elongated member. The optical component may
also have an optical fiber fixed at one end portion in the one
or more holes. The optical fiber may be a polarization
maintaining fiber.

An optical module composed of the optical component of
the present mvention 1s provided as an aspect of the present
invention. The optical module may be composed of a rod
lens as the elongated member, an optical fiber being fixed to
the rod lens, and a planar light circuit device connected to
the other end face of the rod lens. The optical module may
be composed of a capillary as the elongated member, an
optical fiber being fixed to the capillary, and a planar light
circuit device connected to the capillary. Yet another aspect
of the present invention 1s a method for connecting an
optical component whereby the optical component of the
present invention 1s positioned and connected to another
optical component using the side plane portion thereot as a
reference.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the
present invention will become better understood with regard
to the following description, appended claims, and accom-
panying drawings where:

FIG. 1 1s a perspective view of a first embodiment of the
optical component according to the present invention;

FIG. 2 1s a cross-sectional view showing the manner 1n
which the optical component of the first embodiment 1s
gripped:

FIG. 3 1s a cross-sectional view showing the manner in
which a conventional optical component 1s gripped;

FIG. 4 1s a perspective view of a second embodiment of
the optical component according to the present invention;

FIG. 5 1s a perspective view of a third embodiment of the
optical component according to the present invention;

FIG. 6 1s a perspective view of a first embodiment of the
optical module according to the present invention;
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FIG. 7 1s a perspective view of a second embodiment of
the optical module according to the present invention;

FIGS. 8A and 8B are schematic drawings of a fourth
embodiment of the optical component according to the
present invention, wherein FIG. 8A 1s a perspective view
showing a case 1n which the elongated member does not
have a holder, and FIG. 8B 1s a perspective view of a case
in which the elongated member has a holder; and

FIG. 9 1s a perspective view of a third embodiment of the
optical module according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 1s a perspective view of a first embodiment of the
optical component according to the present invention. The
optical component shown 1n FIG. 1 1s an elongated member,
so-called capillary 10 into which an optical fiber 1s 1nserted.
The capillary 10 has a cylindrical portion 11 that 1s a portion
of the lateral surface of the capillary 10. The coordinate
system XYZ 1s a Cartesian coordinate system, wherein the
central axis of the cylinder lies along the Z-axis. An optical
fiber retaining hole 13 for insertion of an optical fiber is
provided inside the capillary 10 parallel to the central axis of
the cylinder so as to have a slightly larger internal diameter
than the external diameter of the optical fiber. The central
axis of the optical fiber retaining hole 13 coincides with the
/-axis.

An optical fiber 20 1s fixed within the capillary 10 with an
adhesive 1n a state in which one end portion of the optical
fiber 20 1s inserted into the optical fiber retaining hole 13.
The optical axis of the optical fiber 20 substantially coin-
cides with the Z-axis at the one end portion thereof. One end
of the optical fiber 20 1s positioned so as to substantially
coincide with the connecting end face (the front end face 1n
FIG. 1) 14 of the capillary 10, and 1s polished together with
the connecting end face 14 of the capillary 10. The other end
portion of the optical fiber 20 protrudes from the back end
face 135 of the capillary 10.

The connecting end face 14, which 1s the end face that 1s
to be connected to another optical component or the like,
includes the X-axis and 1s somewhat tilted with respect to
the XY-plane. The angle 0 of this tilt 1s 8°, for example. By
polishing the connecting end face 14 to a mirror finish at an
angle, the effects of backward propagation light due to
Fresnel reflection can be minimized when the optical com-
ponent 1s connected to another optical component or the like.
The back end face 15 1s fitted inside another cylindrical
member not shown 1n the drawing, whereby a ferrule having
the capillary 10 1s formed. The ferrule 1s placed 1n an optical
connector.

A side plane portion 12 having a flat surface parallel to the
central axis of the cylinder i1s provided to a portion of the
lateral surface of the capillary 10. This side plane portion 12
1s adapted for gripping the capillary 10.

FIG. 2 1s a cross-sectional view showing the manner in
which the optical component of the first embodiment 1s
gripped. When the capillary 10 1s gripped by a gripping
member 30 having a V-shaped groove and flat planar grip-
ping member 31, the cylindrical portion 11 can be in contact
with the gripping member 30 along the lines that extend in
the Z-axis direction through points A and B and the side
plane portion 12 can be in contact with the surface of the
oripping member 51 1n the area C extending in the Z-axis
direction.

The gripping force exerted on the capillary 10 can thus be
increased, and when the connecting end face 14 1s polished,
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or when the capillary 10 1s aligned with and connected to
another optical component, the capillary 10 can be held with
adequate force, while securing satisfactory precision. Fur-
thermore, 1n aligning the azimuthal angle about the Z-axis of
the connecting end face 14 with that of the connecting
surface of another optical component, the azimuthal angle
about the Z-axis can be easily aligned with respect to the
side plane portion 12. By keeping the side plane portion
parallel to the Z-axis, 1t 1s possible to determine the direction
of the Z-axis from the lateral flat surface, which 1s the
external shape. Thus, the cylindrical axis of the elongated
member or the central axis of the optical fiber can be easily
aligned using the flat portion of the lateral surface as a
reference.

FIG. 3 1s a cross-sectional view showing the manner 1n
which a conventional optical component 1s gripped. In the
conventional capillary, the lateral surface of the cylinder of
the capillary 100 1s 1n contact with the gripping members 50
and 51 along only the lines that extend in the Z-axis
direction through poimnts A, B, and C, so an adequate
gripping force 1s diflicult to obtain.

The capillary 10 of the present embodiment may be
tformed from quartz glass, plastic, zirconia, stainless steel, or
another material. The side plane portion 12 may be formed
by being polished with an abrasive or ground with a rotary
blade. When the capillary 10 1s formed from quartz glass or
another transparent member, an ultraviolet-curable adhesive
may be used as the adhesive for aflixing the optical fiber 20
inside the optical fiber retaiming hole 13.

The optical fiber 20 may be a polarization-maintaining
fiber. In this case, the direction of the polarization plane, 1n
which linear polarization 1s maintained, can be determined
from the position of the side plane portion 12 by arranging
its polarization plane perpendicular or parallel to the side
plane portion 12. The azimuthal angle about the Z-axis of the
capillary 10 can thereby be aligned using the side plane
portion 12 as a reference when the capillary 10 1s connected
to another optical component or the like, and the polarization
plane of the optical fiber 20 can be arranged 1n any desired
direction. Thus, 1t 1s possible to achieve a connection having
good polarization maintaining characteristics.

FIG. 4 1s a perspective view of a second embodiment of
the optical component according to the present invention.
The optical component shown 1n FIG. 4 1s an elongated
member, so-called capillary 10a, 1n which a plurality of
optical fiber retaining holes 13 1s formed parallel to the
Z-axis. In this case, the optical fiber retaining holes 13 1s
desirably arranged symmetrically with respect to the YZ
plane, and the side plane portion 12 1s desirably parallel to
the X7 plane. The azimuthal angle about the Z-axis 1s also
aligned for the capillary 10a 1n order to align the optical axis
thereol for connection to another optical component or
optical device. In this regard, the azimuthal angle about the
Z-axis of the capillary 10a can easily be aligned using the
side plane portion 12 as a reference.

FIG. 5 1s a perspective view of a third embodiment of the
optical component according to the present invention. The
optical component shown 1n FIG. S 1s an elongated member,
so-called capillary 1056, in which a side plane portion 12a 1s
formed 1n only a portion of the capillary 105 in the longi-
tudinal direction of the capillary 105. However, the force for
fixing the capillary 1056 tends to decrease so as to be
commensurate with a reduction in the surface area of the
side plane portion 12b.

FIGS. 8A and 8B are schematic drawings of a fourth
embodiment of the optical component according to the
present invention, and FIG. 8A 1s a perspective view show-
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ing a case 1n which the elongated member does not have a
lens holder. XYZ 1s a Cartesian coordinate system. The
optical component 80 1s composed of an elongated member,
so called rod lens 81, and an optical fiber 82. The rod lens
81 has a cylindrical surface portion 83 that is a portion of the
lateral surface of the cylinder. The rod lens 81 also has a side
plane portion 84 having a flat surface parallel to the central
axis 7. of the cylinder, and an end face portion 85 having a
flat surface tilted with respect to the central axis Z of the
cylinder. The end face includes the X-axis and 1s tilted at an
angle 0 with respect to the Y-axis. The side plane portion 84
1s formed parallel to the XZ plane. The optical fiber 85 1s
joined and fixed to the end face of the rod lens.

FIG. 8B 1s a perspective view showing a case 1n which the
clongated member has a lens holder. The optical component
1s an elongated member, so called lens module 46, composed
of a lens main body 44 and a cylindrical lens holder 45 on
the outside thereof. In this case, a configuration may be
adopted 1n which a side plane portion 42 1s not provided to
the lens main body portion, and the side plane portion 42 1s
formed only in the external peripheral portion of the lens
holder 45.

FIG. 6 1s a perspective view of a first embodiment of the
optical module according to the present invention. The
optical module 30 1s composed of the capillary 10, which 1s
the first embodiment of the optical component accordmg to
the present invention, and a planar light circuit device 31
connected to the capillary 10. The tilted connecting end face
14 of the capillary 10 1s jomned by an adhesive to the
connecting end face 34 tilted at an 8-degree angle in the
planar light circuit device 31, whereby the optical fiber 20
inserted into the capillary 10 and guided out from the end
face 15 1s optically connected to the planar light circuit
device 31.

The capillary 10 undergoes high-precision end face pro-
cessing while being gripped using the side plane portion 12
as the contacting surface, and 1s connected to the planar light
circuit device 31 while the optical axes are aligned with each
other with high-precision as the capillary 1s gripped using
the side plane portion 12 as the contacting surface, whereby
extremely low connection loss can be achieved. When the
azimuthal angle about the Z-axis of the capillary 10 1s
aligned 1n order to match the azimuth angles of the con-
necting end face 14 and the connecting end face 34, the
azimuthal angle about the cylinder axis can be aligned with
high precision by aligning the side plane portion 12 parallel
to, for example, the bottom surface 36 of the waveguide base
32, using the side plane portion 12 as a reference. An optical
module of a light circuit device type having low transmis-
s1on loss can thereby be obtained. Besides ease of alignment,
yvield with respect to a prescribed specification also
increases, and the cost of the corresponding optical module
1s reduced.

The planar light circuit device 31 may be a waveguide-
type optical component having a function as an optical
splitter. The planar light circuit device 31 1s configured so
that a waveguide pattern 1s formed by CVD, etching, or
another method on the top surface of the waveguide base 32,
and a reinforcing plate 33 1s further provided thereon. The
above-mentioned capillary 10 1s connected to the connecting
end face 34, and an optical fiber array 35 having a plurality
of parallelly arranged optical fibers 21 1s connected to the
other end face of the planar light circuit device 31. The
optical fiber array 33 has a plurality of V-shaped grooves
tformed therein for positioning the optical fibers 21 and can
arrange, for example, 48 strands of optical fibers 21. With
the optical module 30 having this type of configuration, light
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transmitted through the optical fiber 20 inserted in the
capillary 10 can be split and transmitted to each of the

optical fibers 21.

FIG. 7 1s a perspective view ol a second embodiment of
the optical module according to the present invention. The
optical module of the second embodiment 1s a so-called
collimator 40, 1n which the substantially cylindrical rod lens
41, which 1s the optical component of the present invention,
1s connected to the connecting end face 14 of the capillary
10a. The cylinder axis of the rod lens 41 1s arranged so as
to coincide with the cylinder axis of the capillary 10a, and
the azimuthal angle about he axis are aligned so that the side
plane portion 42, which 1s formed 1n the same manner as the
capillary 10a, 1s parallel to the side plane portion 12 of the
capillary 10a. Both end faces of the lens 41 are also formed
in a plane that is tilted substantially 8° with respect to the YX
plane 1n the drawing so as to have the same t1lt angle as the
connecting end face 14 of the capillary 10aq.

The rod lens 41 1s a so-called grin (GRIN) lens, which has
the function to collimate the light that enters from one end
and emitting the collimated light from the other end. A
GRIN lens 1s a lens made of quartz glass that has the highest
index of refraction 1n the central axis portion, with the index
of refraction gradually decreasing toward the outside 1n the
radial direction from the central axis portion. By arranging
the side plane portion 42 parallel to the side plane portion 12
of the capillary 10a, the optical characteristics of the rod lens
41 can be equalized for the two strands of optical fiber 20.

In the collimator 40 of the present embodiment, light
entering from the optical fiber 20 held in the capillary 10qa
1s emitted from the end face 43 so as to be parallel to the
central axis. The collimated light entering from the end face
43 1s emitted towards the optical fibers 20 in a condensed
state. Specifically, by providing two of the collimators 40
shown 1n FIG. 7 while aligning their axes with the end faces
43 facing each other, and aligning the azimuthal angle about
the axes using the side plane portion 42 as a reference, the

optical module can be made 1nto a collimation conversion
system.

FIG. 9 1s a perspective view of a third embodiment of the
optical module according to the present invention. In the
optical module 91, collimators 96 each having a capillary
93, a rod lens 94, and an optical fiber 95 are disposed on both
end portions of a base 92, and a bandpass filter 97 1is
disposed between the collimators so as to act as a filter for
allowing only a prescribed wavelength of light to pass
through. The side plane portions of the collimators 40 are
positioned as the contacting surfaces when the collimator 40
1s bonded and fixed to the base 92. Thus, adequate fixing
force 1s exerted with respect to the curing shrinkage of the
adhesive, and a high-precision optical module 91 can be
manufactured.

While this invention has been described in connection
with what 1s presently considered to be the most practical
and preferred embodiments, the invention 1s not limited to
the disclosed embodiments, but on the contrary, 1s intended
to cover various modifications and equivalent arrangements
included within the spirit and scope of the appended claims.

Although a capillary for an optical fiber, a rod lens, and a
lens module were described as examples of the optical
component, but the optical component may also be an
optical waveguide device, an optical wavelength filter mem-
ber, an optical crystal member, or an optical diffraction
grating.
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The entire disclosure of Japanese Patent Application No. said positioning step includes aligning the azimuthal
2004-2377349 filed on Aug. 17, 2004 including specification, angle about the Z-axis of the first optical component
claims, drawings, and summary 1s mncorporated herein by while the first optical component 1s gripped using the
reference 1n its entirety. side plane portion as a positioning reference.

What 1s claimed 1s: 5 2. The method of making an optical module according to

1. A method of making an optical module, comprising: claim 1, wherein

preparing a lirst optical component having a substantially said connection forming step is performed by adhesive.

cylindrical elongated member, an outer peripheral por-
tion of which includes a cylindrical portion and a side
plane portion that has a flat surface, the flat surface 10
being parallel to a central axis of the elongated mem-
ber:;

processing an end face of the first optical component
while the first optical component 1s gripped using the
side plane portion as a contacting surface;

3. The method of making an optical module according to
claim 1, wherein
said preparing step includes providing the first optical
component and the second optical component with
tilted connecting end faces, respectively.

4. The method of making an optical module according to
;5 Claim 1, wherein

positioning the first optical component while the first in saic} preparing step the connecting end faces ot the first
optical component is gripped using the side plane opthal component and the second optical component
portion as a positioning reference; and are tilted at a same angle.

forming a connection to a second optical component,
wherein £ % % k%
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